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Purpose To make uniform the circulation resistance of a passing fluid to be 
cooled so as to improve the heat exchange by forming inne 
consecutive riectangular. projection lines at intervals having the same length in the 
circumferential directions of inner and outer cylinders, rand deviating the positions of 
the continuous rectangular projection lines ;drcumferenfialjy by.a-length;haif th'e:::^/;:? : 
length of the rectangular: projection;::;:;::^;; 

Constitution In an oil cooler 4 a fluid passage 22 is formed by the inner surface of 
an outer. cylinder 8 and the outer surface of an inner c^^ 
are arranged for causing a turbulent flow^p 

within the fluid passage 22. and for improving the cooling .&n^on';;ln-thejritier : finsV-;v. 
12,:ceiling:portions 213 and connecting portions 214 are located at intervals of the- :, 
same. length, and two contiguous rectangular projection lines are 
they are located at positions different from each other by . half of the length in -the r ;.v^.* : 
. line direction . The operating oil flows along [ the fluid passage 22 toward an outlet : ^ 
port.16: In accordance there with, while the operating oil carries out heat exchange 
with water for cooling an engine;^ 
fins 12 and thus the cooling effect is improved 
COPYRIGHT (C) 1987, JPO&Japio 
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1. Name of Invention ' • 



Heat exchanger | " / > 

2, Claim i 

This heat exchanger consists of a cylindrical outer casing, a Cinder which 

stay* inside the outer casing, and an inner fin which is placed in the space 
created by the outer casing and the inner cylinder. The inner fin serves to Lprove 
the heat exchange ability of the heat exchanger. There are an inlet and an outlet 
for the fluid to flo» through the heat exchanger. 
X-; The inner fin has way rectangular protrusions .kick have on opening facing 
' the fluid flow. The cross section of those protrusions resembles the shape "6". 

Multiple rows of the rectangular protrusions are for.ed and placed between the 
' inner cylinder and the outer casing, »ith each row going around the circumference of 
the. inner cylinder. The protrusions are spaced equally b, th, length of one 
protrusion. The length of a protrusion is measured along the circumference of 

the cylinder, ; 
V The protrusions in each row ere for.ed in Wh a say that the protrusions in one 
row co.e either forward or backward to the profusions in the neighboring row by 
half the length of one protrusion. 

3, Details of Invention 

(Industrial app! <cation) ' j 

This invention can be used as ,«n oil cooler in an automatic car, where it can 
function as an oil cooler for the torque converter hydraulic oil. for this 
education, this invention has to be placed In the lower tank of the radiator. 
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(Conventional dauip/nent) 

The conventional heat exchanger consists of a eyHndrlc.l outer casing and 
s „ inner Cinder .bid is set inside the casing. These t„ 0 cylinders create a 
passage fcr the fluid to flow through between \ the.. In order to improve the heat 
change ability, an inner fin is placed bet,«|en these two cylinders. 

PiB uro 7 shows a conventional heat exchanger, where (101) stands tor the inner 

tka \rsr\or fin (100) which serves to 
cylinder and (103) for the outer casing. The inner tin uw 

i.provo the heat exchange ability is placed in the space (109) where the fluid 

fl „, s through. The inner fin has nany trapetoldal protrusions (106, 107). 

HuUip.e rows of these trapezoid,! protrusions (105. 107) are for»ed fro, one end 

of the cylinder to the other end alon 5 the deference of the inner cylinder 

^ the outer casing. The protrusions in onejro. are for.ed forward or backward 

cricu.ferenlially to those in its neighboring^, by a cerain distance. The 

pretrusions in solid line in Fig.7 show one row of protrusions, with these in 

dotted line showing its neighbor^ row of protrusions. The fluid to be cooled 

U considered to flow throng the space (109) vertically to the surface of the 



paper, 



( Problem this invention tries to solve) 

'l. the conventional heat exchanger, there .1. a big difference in size between 
the area S ,.hcrc the protrusions (105) and (107) overlap and the area Sphere there 
is no overlapping. '.This causes the difference in the flow resistance of the fluid 
which flows through both (105) and (107) and £he fluid which flows through only 
(105). This results in the poor cooling effect of the heat exchanger. 

- 2 - 
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(Countermeasuros to solvo the problem) 

I„ order to solve the abo.ve-.entioned Prcblem. in this invention is used the 
inner fin having .any rectangular protrusions j.lth an opening that face the 
fluid flo,. Those rectangular protrusions are formed into res. »Uh every 
protrusion being spaced by . its own length ..ensured alone the circumference. 
Hultiole res of these protrusions are formed on the Cinder from one end to the 
othor. The position of the protrusions in one ro, is sot for.ard or backward to 
that of the. protrusions in its neighboring ro. by half the length of one protrusion. 

i 

(Application) 

this invention can be used as an oil coolojr in an automatic car to cool the 
tor,ue converter hydraulic oil. Figure 5 sho-js the front vie. of an conventional 
radiator(2) used in automobiles, is shen in the figure, the oil coolor(4) is 
placed in the lo.er tank(6) of the radiator. . 

Figure /is the detailed dra.ing of the oijl cooler, .hich consists of the 
cylindrical outer casingW and the Inner cytinderdO), The cyl inders. are 
connected at the ends(18, 20) b, .elding or some other methods. The apace created 
bet«ccn (8) and (10) provides a passaged) for the fluid to flo.. 

There is an inlet (14) at the left end of jthe cylinder to alio, the tor„ue 
converter hydraulic oil to run into (22). An inlet pipo(Hl) is attached to this 
inleKH). To the right end is attached an outlet pipoUOD via (16), .hich 
lets the cooled fluid to go back to the torque converter. 

I„ the space(22). the inner fin(12) .hich 'can cause turbulence in the fluid U 



placed for better cooling effect. The inner f'in(12), made of a sheet motal, has ^ 
many rectangular protrusions which fit between the outer casing and the inner 
cylinder. 

Figure 1 shows the diagonal view of the inner fin(12) still in the sheet form. 
This sheet inner fin is to be placed in the space(22). 

The inner fin has many rectangular protrus ions(21) whose cross section looks 
like the shape The protrusion(21) consists of a top part(213) and a side 

part(2!2). The part(212) supports the top part<213). the protrusions are connected 
by bottom parts(214). The side part(212) extends along the direction of the 
fluid flow (the direction indicated by the arrjow F). The protrus ion(21) has 

i 

an opcning(211) that will allow the fluid to flow through it. Tho protrusions 
are formed into rows (A,B,C), which go along the circumference of the outer 
casing(8) and the inner cylinder(lO), Only three rows are shown in this figure, 
but in the actual application, the rows are formed between the cylinders from one 
end to the other. As shown by the rows A and B, the protrusions in one row aro 
formed in such a way that they come a certain distance forward or backward to the 

i 

protrusions of its neighboring row. 

Figure 2 shows the detai iod cross section of the oil cooIerU). In this 
figure the inner fin(12) is placed in the fluid passage^). The row of protrusions 
shown in solid line is adjacent to the one in dotted lino. These two rows 
correspond to the row A and row B in Figure 1 respectively. 

In both row A and row B. the side parts(21"2) are sot with equal spacing 

i 
i 

on the circumference of (8) and (10).. The top parts(213) and the bottom parts 

-4- 
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(2H ) .„, line «P a.o» 8 the circumference of .the cylinder with a spac.n* of 

their own lengths. j 

The length(a) of the top part(2l3) measured along the circumference of the 

cylinder is expressed **' (p '^ . circumference of the cylinder^) 

K : Total number of the rectangular protrusion! 
that go along the circumferonco. ) 

The length(b) of the bottom P art(2H) is expressed as: 

b * ^l/2N (Po t Circufflforence of the cyiinder(lO) 

N : Total number of the rectangular protrusio 
that go along the circumference.) 

The space(C) between the side parts(212) is expressed as: 

C * Po/2N (PO ' Mcari circumference of (8) and (10) 

N : Total number of the rectangular protrusions 
that go along the circumference,) 

The ro« A g oos for.ard or backward to t».'> I by half the lenath of the 
protrusion. Conscnently. the position of the top parts(213) and that of the side 
p4 ns(2U) in ro. A are according difforentifro. those in ro. B by half of 
thfcir lengths* . 

this des.sn the area S, .here the epenin g <211) in the ro. A overlaps 
the epeningUU) in the ro. B is e,u.l to theses Sphere there is no overlapping 
Thus, the flo. resistance of the fluid .hich flo.s through the protrusions in 
both ro. A and ro. B becomes e,oal to the flo. resistance of the fluid .hich 
passes throush only the protrusions In tho ro. A. 
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„ er e, it is desirable to be able to have the following equation: 

uwn) - m - 1.1. » he ™ p ° EUOd . 8 ror the nea " pit ° 1 ' °' the 

; X cclMS „.a r protrusion^), end L stand, for tho .IdU of the .1*. 

pi!ar e I shows the relationship between U<Pc/» and the performance ratio 
I Fo-.JoDi-ension.ess heat transfer >ooff icient. Oppression 
efficient. FoSurface are.,) obtained frt. our experiments and studies, From 
this chart it is dear that the best performance is obtained when I /(»/» • 

nil S illustrates the inner fin immediately after the press working. As 
sh0 ,„ in the figure, the protrusion, are in the shape of trapezoid. The side 

,. . . rsf /? which is due to the press forming. 

(212) inclined at an angle of p , wmcn 

Compressive load is' then applied to both sides of the inner f inU2> of Fig. 3 to 
produce the shape shown in Figure 4. after this compression process, the fin 
is placed In the fluid pessago(22). 

Here is how the heat exchanger works in an automotive radiator. 
Co.par.tiv.1, high temperature hydraulic oil hows fro. the tocue converter 
th ro»gh the inlet piped") and the .ULtttO [to the fluid pass.ge(22>. The 
M „e,ic oil. while flowing through the passaged) to tho eutletdo). .uses 

■ u • „ .««Ui<# .«ter in the lower tank(6) of the 
its heat by the action of the engine cooling, water in 

radiator(2). The relatively low temperature hydraulic .11 obtained then flows 
beck to the tor,ue converter through the out.,t(16) and outlet plpeUM). 
proved cooling effect is obtained by the prince of the inner fl.(lt). 
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this invention, the flo. resistance of the k*»Uo oil flo.ins thresh the. 
protrusions of the inner fin is kept uniform. : . 

Besides os an oil cooler, this host exchanger can bo usod in .an, other 



appl i cations. 



(Advantage of this Invention) ! 

This invention brin S s aboet the unlfor. flo, resistance of the fluid to bo 
cooled in the heat exchanger, and this .esds to th, i.provod heat exchange 



ability. 



4. Figures 

* Figuro 1 shows the diagonal view of the ijnner fin. 

21: rectangular protrusion, 211: opening, A: row of protrusions 

* Figure 2 shows the cross section of the oil cooler. 

8: outer casing, 10: inner cylinder. ( 22: fluid passage 

* Figures 3 and 4 show the manufacturing pJocess of the inner fin. 

* Figure 5 shows the front fie. of the radiator used in automobiles. 

i 

* Figure 6 shows the diagonal view of the qil cooler. 

8: outer casing, 10: inner cylinder, i 12: inner fin. H: inlet. 
16: outlet, 22: fluid passage : 

* Figure 7 shows the cross section of the conventional oil cooler. 

, Figure 8 shows the result obtained fro. our experiments and studies. 
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Drawings at the top of tho first paper (P. 533) .- . 

(Point) + S*«fcnt*s'u *cW^ 

* Inner fin having rectangular protrusions 
is placed between the two cylinders. 



*<^w< **** 

(, , • rtnA r : ftW are formed either forward or 

^ u'tSti "t? M^riU ro. » the distant 
of half their length. 

(te .lO b.««. fl.«a rosUt.no, i, obUinea a»d this Lid. to tta 
improved heat exchange ability. 
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